Salmonella typhimurium phage type DT104 has become an important emerging pathogen. Isolates of this phage type often possess resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline (ACSSuT resistance). The mechanism by which DT104 has accumulated resistance genes is of interest, since these genes interfere with treatment of DT104 infections and might be horizontally transferred to other bacteria, even to unrelated organisms. Previously, several laboratories have shown that the antibiotic resistance genes of DT104 are chromosomally encoded and involve integrons. The antibiotic resistance genes conferring the ACSSuT-resistant phenotype have been cloned and sequenced. These genes are grouped within two district integrons and intervening plasmid-derived sequences. This sequence is potentially useful for detection of multiresistant DT104.
The emergence of pathogens possessing multiple-antibiotic resistance genes has become a major concern in recent years. The routine use of antibiotics in medical and agricultural circles has resulted in widespread antibiotic resistance and in the development of genetic mechanisms efficient for the dissemination of antibiotic gene cassettes, especially within and between species of gram-negative organisms (3, 10) . The frequency of isolation of Salmonella strains resistant to one or more antibiotics has risen in the United Kingdom (8) and the United States (4) . A recent newcomer to the food safety pathogen list, Salmonella typhimurium phage type DT104 often possesses resistance to multiple antibiotics, including ampicillin, tetracycline, chloramphenicol, sulfamethoxazole, and streptomycin (1, 8, 11, 13) . Among the multiresistant salmonellae, DT104 is one of the most prevalent phage types of S. typhimurium in the United Kingdom (13) and is rapidly becoming the most prominent phage type in the United States, since 39 of 43 multiresistant isolates were DT104 or a closely related phage type in a 1994 to 1996 study (4) . DT104 is a common infectious agent in cattle and has been contracted by humans exposed to infected cattle (14) . DT104 may have become multiresistant as a result of antibiotic use in livestock (15) . Organisms have often accumulated antibiotic resistance genes by plasmid transfer or by transposon-or integron-mediated mechanisms and have routinely harbored these resistance genes on plasmids (10) . Notably, class 1 integrons have been found in many multiresistant organisms and many gram-negative species. These genetic elements often contain a 5Ј integrase gene and a 3Ј sul1 gene (encoding sulfamethoxazole resistance) and resistance gene cassettes separated by 59-bp stretches which are involved in the incorporation of additional cassettes within an integron (10) . While these integrons have been plasmid borne in many instances (6), they have become chromosomally integrated in S. typhimurium DT104 (13) . Chromosomal integration has been speculated to allow resistance genes to persist even in the absence of antibiotic selection (13) . In Danish isolates of DT104, streptomycin, sulfonamide, and ampicillin resistance genes have been found grouped into at least two class 1 integrons which do not include the tetracycline and chloramphenicol resistance genes (11) . The relative arrangement of these integrons and the location of the other resistance genes have not been established. In the present study, the arrangement is described for all five genes encoding streptomycin, chloramphenicol, tetracycline, ampicillin, and sulfamethoxazole resistances (aadA2, a cmlA homologue, tetA, bla CARB-2 , and sul1, respectively), and the implications of their arrangement are addressed.
MATERIALS AND METHODS
Isolates and preparation of DNA. S. typhimurium non-DT104 isolates and DT104 isolates were obtained from the U.S. Department of Agriculture (USDA), National Veterinary Services Laboratories (Athens, Ga.), National Animal Disease Center (Ames, Iowa), Food Safety and Inspection Service (Athens, Ga.), the Washington State Public Health Laboratories (Seattle, Wash.), the Centers for Disease Control and Prevention (CDC) (Atlanta, Ga.), and the Public Health Laboratory Service (London, United Kingdom) ( Table 1) . Control isolates were obtained from Michael Haas, Agricultural Research Service, USDA (LT2 isolate), Victor Cook, Food Safety and Inspection Service (isolate F4797), and the CDC (ASSuT-resistant Salmonella hadar; FSIS no. MF60404). Genomic DNA was prepared with the GNOME kit (Bio 101, La Jolla, Calif.). Plasmid DNA was prepared with the Qiagen (Santa Clarita, Calif.) plasmid Mini kit. DNA prepared from agarose gels was purified with the QIAEX II DNA extraction kit (Qiagen). All restriction enzymes were obtained from Promega (Madison, Wis.) or from New England Biolabs (Beverly, Mass.). All transformations were performed with high-efficiency JM109 Escherichia coli (Promega).
Antibiotic disc diffusion testing of isolates. All isolates were tested by KirbyBauer disc diffusion tests on Mueller-Hinton agar (Difco, Detroit, Mich.) according to the standard procedure outlined in National Committee for Clinical Laboratory Standards guidelines (9) . Antibiotic discs (BBL Sensi-Discs [Becton Dickinson, Cockeysville, Md.] and Dispens-O-Discs [Difco]) were used for ampicillin (30 g), tetracycline (30 g), chloramphenicol (30 g), sulfisoxazole (300 g), trimethoprim (5 g), streptomycin (10 g), and sulfamethoxazole ϫ trimethoprim (25 g) testing, and results were interpreted by using charts supplied with the discs. Eighteen S. typhimurium DT104 and 7 non-DT104 and 2 untyped isolates were tested for their antibiotic resistance profiles. All isolates fell into one of two groups, one including isolates resistant to ampicillin, streptomycin, sulfonamides, tetracycline, and chloramphenicol (ACSSuT resistant) and the other including non-chloramphenicol-resistant organisms (ASSuT resistant) (Table 1).
PCR amplification and cloning. Primers were synthesized by Gibco/BRL Life Technologies (Gaithersburg, Md.) or by the Nucleic Acid Facility, Thomas Jefferson Medical College (Philadelphia, Pa.). To expedite sequencing, amplifications of the Salmonella genes bla CARB-2 , aadA2, and sul1 (GenBank accession no. Z18955, Y14748, and Y14748, respectively) were performed, resulting in the production of PCR products which were 639, 522, and 839 bp, respectively. PCR was performed by using the PCR reagent system (no. 10198-018; Life Technol-ogies, Gaithersburg, Md.). Eighty nanograms of genomic DNA, 20 mM Tris-Cl (pH 8.4), 50 mM KCl, 1.5 mM MgCl 2 , 200 M (each) deoxynucleoside triphosphate, 0.8 M (each) primer, and 0.5 U of Taq polymerase in a 50-l total reaction volume were subjected to PCR in a thermal cycler (model 9600; PerkinElmer, Foster City, Calif.) for 1 cycle at 95°C for 5 min, 30 cycles (95°C for 1 min, 60°C for 1 min, 72°C for 1 min), and 1 cycle at 72°C for 10 min and stored at 4°C. Primers had the following sequences: for bla CARB-2 , caatggcaatcagcgcttcccgtt (forward) and cgctctgccattgaagcctgtgtt (reverse); for aadA2, gtacggctccgcagtgga tggcgg (forward) and gcccagtcggcagcgaca tccttc (reverse); for sul1, atggtgacggtg ttcggcattctg (forward) and gctaggcatgatctaaccctcgg (reverse). Long PCR of genomic DNA was performed as directed by the manufacturer of the rTth DNA polymerase XL kit (Perkin-Elmer). Genomic DNA (80 ng/100-l reaction mixture) was amplified by using the aadA2 forward primer and the bla CARB-2 reverse primer and cycled at 1 cycle at 95°C for 5 min, 35 cycles (95°C for 1 min, 68°C for 1 min, and 72°C for 10 min), and 1 cycle at 72°C for 10 min. All PCR products were subjected to electrophoresis on 1% agarose gels in 1ϫ TAE. Lambda HindIII/EcoRI markers (Promega) were used to estimate the sizes of the final products. A result was scored positive if a band of 10,036 bp was observed.
Pulsed-field gel electrophoresis and Southern blotting. Pulsed-field electrophoresis, digestion with XbaI, and Southern blotting were performed by using standard protocols (5, 12) and instructions within the manual supplied with the Bio-Rad CHEF Mapper XA. Probes were synthesized by using either primers and the enhanced chemiluminescence 3Ј oligolabeling and detection kit (Amersham Life Science, Buckinghamshire, England) or gel-purified bla CARB-2 , aadA2, or sul1 PCR products and the DIG High Prime Labeling and Detection Starter kit (Boehringer Mannheim, Indianapolis, Ind.). After the hybridization of duplicate blots with individual antibiotic resistance gene probes to the bla CARB-2 , aadA2 [also known as ant(3ЈЈ)-Ia], and sul1 genes, a 10-kb fragment was determined to contain a complete aadA2 gene at its 5Ј end, an internal partial sul1 gene, and an incomplete 3Ј bla CARB-2 gene, which extends beyond the 3Ј XbaI site.
Cloning and sequencing of genomic DNA. The 10-kb XbaI band which hybridized with antibiotic resistance gene probes was excised from a pulsed-field gel, purified, and cloned into the XbaI site of the SuperCos 1 vector (no. 251301; Stratagene, Cambridge, United Kingdom) to create p10Xba. The 10-kb insert was digested with PstI, and fragments of 4, 2.5, and 1 kb were cloned into PstIdigested pSp72 (Promega) and individually sequenced. A cloned 3-kb genomic fragment containing the entire bla CARB-2 ampicillin resistance gene was obtained by digesting genomic DNA with PstI and cloning into the PstI site of pGFP-1 (Clontech, Palo Alto, Calif.) and selecting for colony growth on Luria-Bertani plates containing 100 g of ampicillin/ml. PCR products of the purified bla CARB-2 , aadA2, or sul1 gene were cloned into the pGEM-T vector (Promega). All constructs were cycle sequenced in a Perkin-Elmer Cetus thermal cycler (model 9600) by using Sp6 and T7 primers or primers synthesized with the previous sequence information. Dideoxy sequencing was performed by the Nucleic Acid Facility at Thomas Jefferson Medical College with an Applied Biosystems model 373A or 377 DNA sequencing system (Perkin-Elmer). All sequences were verified by sequencing each region at least twice. All sequence information was obtained with DNA derived from the human clinical S. typhimurium DT104 isolate H3380. Sequences obtained were compared to those in the GenBank database (National Center for Biotechnology Information). The sequence information was employed to deduce the genomic arrangement of the antibiotic resistance genes.
Nucleotide sequence accession number. The sequence described in this work has been deposited in GenBank under accession no. AF071555.
RESULTS AND DISCUSSION
Arrangement of antibiotic resistance genes and mechanism of gene acquisition. The aadA2, sul1, and bla CARB-2 probes each hybridized to the same 10-kb XbaI fragment of genomic DNA (Southern blot not shown). The arrangement of the antibiotic resistance genes found within the multiresistant S. typhimurium isolate H3380 is shown in Fig. 1 . The 13,078-bp sequence contains four resistance genes which are highly similar to GenBank sequence no. Y14748 (aadA2, sul1), S52437 (tetA), and Z18955 (bla CARB-2 ) and which encode resistance to streptomycin, sulfonamides, tetracycline, and ampicillin, respectively ( Table 2 ). The cmlA-like gene shows 97% identity (Fig. 2 and Table 2 ) with cmlA, which encodes an exporter nucleotide sequence found in Pseudomonas aeruginosa (Gen- 
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Bank accession no. M64556 [2] ) and confers chloramphenicol resistance. The 13,078-bp fragment is composed of two class 1 integrons separated by an R plasmid sequence most closely related to plasmids of Pasteurella piscicida and Vibrio anguillarum (accession no. D37826 and S52437, respectively). The 5Ј integron is contained within a larger sequence which differs from that of the IncG plasmid pCG4 of Corynebacterium glutamicum (accession no. Y14748) by only 1 nucleotide. Both class 1 integrons possess the classical structure, as evidenced by the presence of a 5Ј integrase gene and a 3Ј sul1 gene, separated by an antibiotic resistance gene and a disinfectant resistance gene, qacE⌬ (accession no. Y14748). The aadA2 gene, the cmlA-like gene, tetA, and the bla CARB-2 gene are all present within the same reading frame. Interestingly, an approximately 350-bp fragment with 83 to 92% identity to the groEL gene of Chromatium vinosum (accession no. M99443) is found adjacent to the 5Ј end of an integron described previously (InD) (11) , is in the same reading frame as the integrase gene, which is only a partial gene, and is possibly expressed as a fusion protein with it. A region with 100% identity to an
Comparison of the chloramphenicol resistance gene product of an S. typhimurium DT104 isolate, H3380, to the most similar GenBank entry R10CMLA (PID: g151756); amino acids are indicated by their standard one-letter designations. The top row of sequence refers to the DT104 protein sequence. The bottom row is from a CmlA protein sequence of P. aeruginosa. The center line indicates amino acid identity when an amino acid is written, similarity when a plus symbol is present, and lack of similarity when nothing is written. isolates (possibly closely related to DT104) with the ACSSuT profile, one non-DT104 ACSSuT-resistant isolate, two DT104 ASSuT-resistant isolates, and an ACSSuTresistant S. hadar isolate were tested by using a long PCR technique. Primers were chosen so that all sequences between the aadA2 and bla CARB-2 genes would be included in the PCR product. All ACSSuT-resistant DT104 isolates possessed the expected 10-kb band, while those which lacked resistance to chloramphenicol or were multiresistant and non-DT104 (type 771 isolate) lacked this band (Table 1 and Fig. 3 ). This result was surprising for the ASSuT-resistant DT104 isolates, since these isolates possess the aadA2 gene, and long PCR with an aadA2 forward primer did not result in an amplification product. Cloning of flanking sequences is currently in progress. Sequencing of these regions may verify whether other integrons or gene arrangements exist and whether a larger transposon or phage-derived sequence or pathogenicity island (7) is the source of the resistance genes. It is not firmly established whether or not DT104 isolates typically possess increased virulence, a property which is independent of their multipleantibiotic resistance. If genes for virulence were associated with those for antibiotic resistance, virulence would be selected for by antibiotic use. Additionally, the phage type U302 isolates tested in this study possessed additional resistance to kanamycin, gentamicin, and neomycin. One phage type U302 isolate possessed resistance to trimethoprim (data not shown). If the DT104 isolates possess an enhanced ability to incorporate plasmid-borne resistance genes into the antibiotic resistance gene cluster characterized in this work, a larger chromosomal multiresistance gene cluster may be generated.
The transfer of such a multiresistance gene fragment to other pathogenic bacteria could result in a serious health concern. Furthermore, work needs to be done to determine if these multiresistant gene clusters are stable within bacterial genomes after antibiotics are withdrawn from the environment. An understanding of the antibiotic resistance gene arrangements in DT104 will probably have an appreciable impact on antibiotic use in agriculture and medicine.
